This paper provides evidence on the sources of differences in inequalities in educational scores in European Union member states, by decomposing them into their determining factors. Using PISA data from the 2000 and 2006 waves, the paper shows that inequalities emerge in all countries and in both period, but decreased in Germany, whilst they increased in France and Italy. Decomposition shows that educational inequalities do not only reflect background related inequality, but especially schools' characteristics. The findings allow policy makers to target areas that may make a contribution in reducing educational inequalities. JEL Codes: I2, I38
Introduction
Income inequality is an important but incomplete measure of inequalities and differences characterising individuals in a society, since it goes very often together with inequality in other important aspects of human life, such as education, health, housing, and political participation. However, if research on income inequality has a long tradition (e.g., Lambert, 1993) , economic literature has shown only recently a growing interest in other aspects of economic well-being. A burgeoning field is the measurement of health inequalities and the decomposition of their causes (e.g., , Lua J., 2007 , Chen at al., 2007 . In particular, following the methodology proposed by Wagstaff et al. (2003) , many studies focused on the decomposition of the causes of income related health inequalities within and across countries. On the contrary, economic research on educational inequality is quite modest, even though differences in educational attainment are considered an important determinant of aggregate wage inequality. An almost unique example is provided by Sahn and Younger (2007) . They decompose within and between countries inequality using TIMSS data and find that, similarly to result on health inequality, within countries inequality is greater than the between component.
While economists almost neglected the importance of understanding the causes of educational inequalities, sociologists extensively studied to which extent parental education, occupational status or class influence children's educational achievements and attainment across countries and over time. For instance, Shavit and Blossfeld (1993) analyze the development of inequalities in educational attainment in the 20 th century, concluding that the association between family background and educational attainment has remained stable over the 20 th century for all countries they analyzed except for Sweden and the Netherlands. They investigate inequalities in transition rates by parental education and parental occupational status analysing single countries studies, with different dependent and explanatory variables for each country. The finding of persistent inequality has been contested by Breen et al. (2009) , who -in contrast to the collection of single country studies -try to ensure a higher degree of comparability across countries by using surveys from nine European countries collected between 1970 and 2002 on men ages 30-69. They show that there was a clear decline in educational inequality in several countries over the course of the 20 th century, measured by the impact of one background characteristic only (social class) on attainment over time. Pfeffer (2008) measures inequality with mobility tables drawing on data from the 'International Adult Literacy Survey'. He finds a mostly stable strong association between parental education and the educational outcomes of their children for all nations.
This paper tries to fill the gap in the economic literature, by expanding the discussion on inequality beyond income and health to a different dimension: education. As for health, educational inequality can be assessed on different dimensions: access to education, performance at school, and wages. We concentrate here on inequalities in educational outcomes, considering PISA test scores, and different European countries. In particular, we first decompose observed inequalities into their causes, and then analyse their evolution over time. In particular -following the same methodology proposed by Wagstaff et al. (2003) -we decompose change in educational inequalities on standardised tests into shares due to changes in the means and inequalities of the determinants of educational outcomes, and changes due to the rate of return of its determinants. Our results highlights that -besides parental background -also schools' characteristics are important determinants of inequalities in achievements among students. Since schools' characteristics are measured here with fixed effects, it is then crucial -in a policy perspective -to improve our understanding of the black box of schools, in order to identify which factors contribute more to raise students' outcomes.
The remainder of the paper is structured as follows: Section 1 describes the methodology for the measurement of inequalities, for identify their causes and their evolution over time. Section 2 presents the data, while results are discussed in Section 3.
A brief concluding section follows.
Methodology

Measuring Inequalities
Consider a measure of educational performance or educational outcome to assess the abilities of students. An educational system is characterized by inequalities in education if students with different socioeconomic status (SES) are characterized by different outcomes (y). The measurement of these inequalities is generally based on concentration indices. Let us consider the distribution of the educational outcome measures by SES.
The concentration curve, labeled L in Fig. 1 , plots the cumulative proportion of the population, ranked by living standards, beginning with the most disadvantaged person and ending with the richest (x-axis), against the cumulative proportion of educational attainments (y-axis). If L overlaps the 45°-line, everyone enjoys the same educational performance irrespective of her living standards. Hence, the 45°-line can be labelled as the "line of equality". On the contrary, if L lies below the 45°-line, inequalities in educational performance exist and favour the richer members of society. The further L lies from the diagonal, the greater the degree of inequality in educational performance across the income distribution.
[ Figure 1 here] The concentration index, denoted by C, is defined as the ratio between the area amid L and the diagonal, and the area between the 45°-line. Since we are considering the proportion of individuals, and the proportion of outcomes, it can be easily shown that C simplifies to twice the area between L and the diagonal. More formally, C can be expressed as follows:
where μ is the mean of educational performance, N is the number of individuals, and R i is the fractional rank of the ith individual in the living standard distribution.
In the case where there is no income-related inequality, the concentration curve overlaps with the equality line, and the concentration index takes a value of zero. If the educational measure is a "good" -like school attainment or achievement -inequalities to the disadvantage of the poor push C above zero and the concentration curve below the equality line. More precisely, if there are inequalities in the distribution of educational attainment, the concentration curve lies below (above) the equality line, and the concentration index takes a positive (negative) value.
Decomposing inequalities and their evolution over time
To decompose the computed degree of inequality into the contributions of different explanatory factors, we consider here the methodology proposed by Wagstaff et al. (2003) . In this case, one needs first to specify a linear additive regression model for educational performance on a set of k determinants (x k ):
where α and β's are coefficients to be estimated, and ε i is a standard random disturbance term. It is then possible to decompose the concentration index of y by using the means and the concentration indices of the explanatory variables. In particular, from the previous equation the relationship between these indices can be written as:
where μ is the mean of y, k x is the sample mean of x k , C k is the concentration index for
x k , and G ε is a generalized CI for ε i defined as Inequalities can be also considered in their evolution over time. In this case, once decomposition of inequality in its observable components has been carried out in two different time periods (t-1 and t), it is interesting to decompose the observed differences over time in inequality in variations due to (i) the determinants of educational performance, and (ii) the impact of these determinants on performance. The approach proposed by Wagstaff et al. (2003) consists in applying an Oaxaca-type decomposition to the expression of the concentration index C (Eq. 3). If we denote by
the elasticity of y with respect to x k at time t, and apply the Oaxaca's method, we obtain:
which can be alternatively rewritten as:
The approach allows identifying for each x k the extent to which changes in educational inequalities are due to changes in inequalities in the determinants of educational performance (the first term on the right-hand side of each equation), rather then in their elasticities (the second term on the right-hand side).
Data
To assess educational inequalities and their causes, we need a measure of educational outcomes and a set of determinants of these educational outcomes. We consider here information provided by the Program for International Student Assessment, a study conducted by OECD every three years since 2000 in order to obtain an internationally comparable database on the competencies of 15 year-old students in reading, math, science and problem solving across countries. This is a widely used dataset for the analysis of educational performance. In particular, data used in this paper originate from two waves, 2000 and 2006. PISA's target population were the 15-year-old students in each country. The students had to be enrolled in an educational institution, regardless of the grade level or type of institution. Target population was tested in each country. Most PISA countries employed a two-stage sampling technique. The first stage drew a (usually stratified) random sample of schools in which 15-year-old students were enrolled, yielding a minimum sample of 150 schools per country. The second stage randomly sampled 35 of the 15-year-old students in each of these schools, with each 15year-old student in a school having equal selection probability. The survey is not structured as a panel; rather schools are randomly selected at every round. Since the schools selected are a representative sample of the school population, we argue that not having the same sample of schools in the two surveys is not a main issue for the analysis of the evolution of inequalities over time.
The relevant notion of competencies assessed in PISA concerns knowledge and skills that can be applied in real world issues. In addition to the performance tests, students as well as schools' teacher heads answered respective questionnaires, yielding rich background information on students' individual characteristics and family backgrounds, as well as on schools' resources endowment and educational practices.
Unfortunately, some questions, and the scale used to measure some variables, change from one survey to the other reducing the number of explanatory variables that can be used by pooling the two surveys; this is especially true at the school level. For this reason, school level variables are accounted for by school fixed effects in the following analysis. The two surveys are merged using only variables included in both samples and measured with the same scale.
Our measure for educational performance is the score obtained in the reading test. The measure for the socioeconomic status (the ranking variable) is the sum of the father and mother socioeconomic index of occupational status. Absent information on income at family level not collected by Pisa, the index captures the attributes of occupations that convert parents' education into income. ‡ Taking the sum rather than one parental indicator allows us to reduce problems involved with repetitive values of the indicator of economic welfare (Chen and Roy, 2008) .
The explanatory variables included in the analysis are: students' gender, considering a dummy variable for females; students' background, considering a set of dummies for the highest level of education completed by both parents available at three levels: recognised third level education (ISCED 5-7), second stage of secondary level of ‡ The index was derived using an optimal scaling procedure that assigns scores to each of 271 distinct occupation categories in such a way as to maximize the indirect effect of education on income through occupation and to minimize the direct effect of education on income, net of occupation (both effects being net of age). See Ganzeboom et al. (1992) for further details on this methodology. education (ISCED 3) and less than second stage of secondary education (ISCED 0-2), treated as the omitted category; a dummy variable for not speaking the national language at home; a dummy for being born in another country; the grade at which the student is enrolled; and, finally, school fixed effects. Whilst the first set of variables captures characteristics at the individual and family level, school fixed effects capture characteristics at the school level. In what follows, we concentrate on the cases of Germany, France and Italy as they display the greatest change in inequality over the period under consideration. Figure 2 presents the difference between the concentration curve and the equality line plotted against the cumulative percentage of the sample, ranked by the sum of paternal and § To check the robustness of our results, we computed the concentration index ranking individuals by the sum of maternal and paternal educational level. Differences over time display the same variation in France, Germany, Italy, Spain and Sweden; whilst results slightly change for the other countries. However, the educational level has only six categories, whilst the socioeconomic index of occupational status has 271 categories, allowing for a lower number of repetitive values in the ranking variable. Therefore, the concentration index computed using the socioeconomic index of occupational status seems more reliable than the one computed using parental education. [ Table 1 and Figure 2 here]
Results
The evolution of inequalities
Regression results
The production function regression results are presented in Table 2 The results of the production function are qualitatively coherent with the existing burgeoning literature on PISA scores, although specifications usually differ from the one we adopt here with respect to the use of school level explanatory variables instead of school fixed effects. The impact of parental education on school performance has a steeper coefficient in Germany, whilst a flatter one in France and Italy, coherently with the findings in Baumert et al. (2003) , Stanat (2003) and Entorf and Minoiu (2004) .
Similarly, the gap of students born in other countries when compared to the group of natives, and the gap between students with the national language as their major language spoken at home and students from foreign language speaking backgrounds is higher in Germany than in France and Italy (e.g., Entorf and Minoiu, 2004 and Ammermuelle, 2007) .
[ Table 2 here] Table 3 , 4 and 5 present the decomposition for the two years and each country. The first two columns of the tables show the coefficients of the production function estimates as presented in Table 2 standards of what students are expected to know at certain grades together with a system of monitoring and evaluation; the introduction of all-day schooling, which substituted a shorter schooling day; the adoption of new pedagogical initiatives to deal with heterogeneous abilities and to foster achievements (Ertl, 2006) . The activation of these measures at the school level can be responsible for the estimated reduction in educational inequalities among German students. Also in Italy, in March 2003, the Parliament approved a reform of the schools system to improve the performance of the Italian students. School fixed effects, however, are likely to veil here more crossregional differences rather than cross-school differences. The most important innovation introduced by the law was the reduction of the age limits for compulsory education; a higher degree of differentiation at the upper secondary school level, achieved by splitting the school system into two tracks, the generalist and the vocational one; finally, a reduction of the age of access to primary school. This last change is particularly important as it anticipates the age at which students decide in which track to enrol, strengthening the parental role in the choice of the educational career. The implementation of the reform required a few years, however, among the first measures undertaken, there is a substantial reduction of school hours at the secondary school level, probably justified by the preoccupation of cutting the cost associated with the provision of public education. 15-years old Italian students in the 2006 survey were indeed exposed to less hours of teaching than students in the 2000 survey, before the reform was implemented.
Decomposition results
The reform of the school system in France was defined by the Fillon Law, approved in 2005, which introduced a core knowledge for certain subjects. This includes French, mathematics, a foreign language, humanistic and scientific culture, communication and information; arts subjects are instead excluded. This requirement would be an educational minimum that all pupils would be supposed to receive. The main opposition to the law argued that it would have planned a two-tier education in which the majority will receive the basic minimum, while a quality education will be the preserve of the elite.
What the decomposition in Table 6 does not enable us to see is how far these changes are due to changes in elasticities rather than changes in inequalities. The Oaxaca decomposition in Table 7 answers to this question. For a given observable variable, the columns with header "ΔCη" are the contributions of the respective explanatory variable to the change in inequality in the total concentration index due to the change of the concentration index of the explanatory variable itself, and the columns with header "ΔηC" indicate the contribution due to the change in elasticity of the explanatory variable. The column "Total" corresponds to the sum of the two components and coincides with the column headed "Change" in Table 6 . Finally the "%" column computes the relative contribution of each observable variable to the total concentration.
Results first suggest the existence of different patterns for the three countries. In Germany, changes in C (the inequalities in the determinants) accounts for the observed overall decline in inequalities, with elasticities that slightly increase during the period.
On the contrary, in France and Italy, the observed increase in educational inequalities is due to an increase in C less than compensated by a reduction in the elasticities η. In France, the two effects are almost of the same magnitude and opposite direction, although a slightly worsening in inequalities makes the effect of the inequalities in the covariates prevailing. In Italy, the increase in C is almost double the reduction estimated for η. Second, in all countries, the contribution of school fixed effects to ΔC is the greatest among the covariates. But, again, the sign is different: in Germany, inequalities between schools decreased (most probably as an effect of the reform implemented); in Italy and France, we observe an opposite evolution over time. Third, the negative impact on inequalities of an increase in ΔC for school fixed effects is counterbalanced in France by a reduction, similar in magnitude, in the elasticities of school fixed effects, which take the lions' share also in Δη. Hence, overall results for France are explained by an increase in between-schools inequalities less than compensated by a reduction in the importance of schools in the educational process; the mean of school fixed effects is actually negative in France in 2006. Fourth, in Germany and in Italy, school fixed effects are not the single most important factor in contributing to explain change in elasticities; also parental education matters. As for school fixed effects, differences in sign emerge between Germany (which experienced an increase) and Italy (which experienced a decrease) for the change in elasticities. As for parental education, in Germany the role of mother tertiary education and father secondary education decreased, whilst the role of mother secondary education and father tertiary education increased. In Italy, we observe a significant reduction in the elasticity of father tertiary education. It is difficult to find explanations for the observed patterns.
Conclusions
This paper analyse educational inequalities by considering PISA test scores. We focus Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. Test is based on common fixed effects obtained from regressions on pooled sample Italy  2000  2006  2000  2006  2000  2006  Female -0.0005 -0.0013 -0.0002 -0.0003 -0.0001 -0.0003 -0.0008 -0.0001 -0.0002 Mother second educ -0.0041 -0.0011 -0.0020 -0.0003 -0.0013 0.0000 0.0031 0.0017 0.0013 Mother tertiary educ 0.0047 0.0013 0.0035 -0.0003 0.0017 0.0005 -0.0034 -0.0038 -0.0012 Father second educ 0.0030 -0.0007 -0.0011 0.0000 -0.0020 0.0000 -0.0036 0.0011 0.0020 Father tertiary educ -0.0030 0.0004 0.0016 0.0007 0.0028 -0.0010 0.0034 -0.0009 -0.0038 Not national language spoken at home -0.0001 0.0000 0.0001 0.0000 0.0007 0.0007 0.0001 -0.0001 0.0000 Born in another country 0.0001 0.0002 0.0001 -0.0001 0.0000 0.0002 0.0001 -0.0002 0.0002 Grade -0.0002 -0.0008 0.0110 0.0116 0.0036 0.0045 -0.0006 0.0006 0.0008 School fixed effects 0.0058 -0.0004 0.0144 0.0196 0.0164 0.0219 -0.0062 0.0052 0.0055 "Residual" -0.0030 -0.0067 0.0053 0.0072 0.0015 0.0023 -0.0038 0.0019 0.0008 Total 0.0028 -0.0090 0.0327 0.0380 0.0233 0.0287 -0.0118 0.0053 0.0054 
